colibacillosis.
INTRODUCTION

48
Enterotoxigenic Escherichia coli (ETEC) is an important cause of post weaning diarrhoea.
49
Several feeding strategies have been suggested for the control and prevention of these 50 disorders such as, supplementation of the feed with pharmacological doses of ZnO, dietary 51 acidification, or the use of prebiotic and probiotics (1).
52
A number of studies have demonstrated that probiotics can inhibit the growth of pathogenic emerged with the main focus being on applications against disease (6, 7, 8, 9) and to date, 61 different synbiotic combinations have been proposed in weaning piglets with variable 62 results (7, 10, 11, 12) .
63
Lactulose, a synthetic disaccharide (galacto-fructose), has been proposed recently as a 64 potential prebiotic for pigs (13) especially as when administered at low doses it increases 65 the numbers of bifidobacteria and lactobacilli, whilst reducing the numbers of Clostridium 66 spp., Salmonella spp. or E. coli in the gastrointestinal tract (14, 15) . In pigs, this prebiotic 67 had been usually incorporated into feed between 10-30 g/Kg (6, 13, 16) . Regarding its an oral ETEC K88 challenge in weaning piglets.
85
MATERIALS AND METHODS
86
Animals and diets. Seventy two commercial breed ([Large White x Landrace] x Pietrain)
87 weaning piglets of 25 ± 2 days old with an average body weight 6.3 ± 0.75 kg were 88 purchased from a commercial farm without historical ETEC outbreaks, and from sows that 89 had not been vaccinated against E. coli. Animals were randomly reallocated into study 90 groups at the experimental facilities of the Universitat Autònoma de Barcelona (UAB Crawley, West Sussex, UK) and stored at -80ºC until use.
186
Lactobacillus spp. and Enterobacteriaceae in colonic samples were quantified by real time 187 PCR (qPCR) using SYBR Green dye following the protocols previously described by (24).
188
An additional SYBR-Green PCR reaction according to procedure described by using an adiabatic bomb calorimeter (IKA 4000, Staufen, Germany).
195
Short-chain fatty acid and lactic acid analysis were performed by gas chromatography,
196
after submitting the samples to an acid-base treatment followed by an ether extraction and 197 derivatization with MBTSTFA+ 1% TBDMCS agent, using the method of Richardson et al. 198 (28) modified by Jensen et al. (29) .
199
The concentrations of ammonia were determined with the aid of a gas sensitive electrode Enterobacteriaceae, E. coli K88 and slaughter measurements was tested with an ANOVA 213 using the GLM procedure of SAS statistics package (SAS Institute, INC. 9.2, Cary, NC).
214
Data was analyzed as a 2 x 2 factorial arrangement of treatments, following this model:
215 Yijk = µ + αi + βj + (αβ)ij + εijk, were Yijk is the dependent variable, μ is the overall mean,
216
αi is the effect of lactulose (PRE), βj is the effect of L. plantarum (PRO), (αβ)ij is the 217 on January 13, 2018 by guest http://aem.asm.org/ Downloaded from interaction between PRE and PRO and ε represents the unexplained random error.
218
Diarrhoea incidence data also was subjected to a factorial analysis also including the time 219 effect and their multiples interactions.
220
For all data analyzed, the pen was used as the experimental unit. When P-value for 221 interaction was P < 0.05, multiple comparisons of the means were performed using the 222 PDIFF function of SAS adjusted by Tukey Kramer.
223
The data of prevalence of L. plantarum were analyzed by a χ 2 test using the same 224 statistical software. Statistical significance was accepted at P < 0.05 and statistical trend 225 when P < 0.10. plantarum bacteria was also detected in some piglets, but only at day 10 PC.
246
Lactobacillus spp., Enterobacteriaceae and E. coli K88 in colon contents were enumerated 247 by qPCR (Table 3 ). On day 6 PC, there were no differences in the copy number of 16S with no differences attributable to any treatment.
255
The effects of the treatments on microbial metabolic activity in ileum and colon are shown 256 in Table 4 . Most of the significant changes registered in fermentation were related to the 257 inclusion of L. plantarum into the diets (PRO effect). Animals receiving the probiotic 258 showed consistent decreases in NH 3 concentration in the ileum at day 10 PC (P = 0.03)
259
and in the colon at days 6 (P = 0.03) and 10 PC (P = 0.007). In the ileum, the probiotic 260 treatment was associated with a trend toward an increase the concentration of total SCFA 261 and lactic acid at day 6 PC (P = 0.06) and day 10 PC (P = 0.08) respectively. In the colon 262 a similar trend for increasing the total SCFA was seen at day 10 PC (P = 0.08) with a the ileum but showed a decrease in the colon at day 6 PC (6.8, 6.2, 6.0, 5.9 for CTR, LAC,
267
LPN and SYN respectively; RSD= 0.48, P = 0.05).
268
Serological results. The levels of pro-inflammatory cytokine TNF-α and acute phase 269 protein Pig-MAP in blood samples were assessed (Table 5 ). There were no significant higher growth rates of L. plantarum on lactulose compared to other probiotic strains (16).
331
The inclusion of probiotic in the diet was not associated with any improvement in 332 performance parameters. These results confirm those found in the previous experiment
333
(17) where the probiotic did not promote changes in the intake or gains of weaning pigs.
334
Regarding the incidence of diarrhoea, this was reduced marginally by the inclusion of the 335 probiotic in the diet (P=0.09), although we were not able to demonstrate any reduction in 
339
Our results support these previous findings.
340
The intestinal concentration of ammonia and SCFA suggest that intestinal fermentation 341 was also significantly modified by the probiotic as noted by the significant reduction in 342 ammonia concentration observed in ileum and colon that was simultaneous to a significant 343 reduction of BCFA at day 6 PC. These results point to a possible reduction in proteolytic 344 activity due to a suppression of enterobacteria (4) can be an effective method to potentiate the benefits of both.
385
Conclusions
386
In conclusion, the present study showed a potential prebiotic effect for lactulose in piglets 
394
Positive effects of L. plantarum and lactulose were additive in its synbiotic combination 395 despite lactulose was not able to promote a specific growth of the L. plantarum. We could 396 conclude therefore that the combination of lactulose and L. plantarun could be consider as 397 a complementary synbiotic, with potential to be used to control post-weaning colibacillosis.
398
Further research will be needed to fully understand the mechanisms involved and to 399 evaluate its usefulness in the field. 
12
PRE; main effect of the inclusion of lactulose in the diets.
13
PRO; main effect of the inclusion of L. plantarum in the diets.
14 Interaction P-value was always > 0.10.
15
Lactic acid in colon samples was below the level of detection. 
